The treatment of papillary thyroid microcarcinoma (PTMC) remains deeply controversial. In this study, we investigated the prognosis of patients who underwent biopsy alone, as compared with other forms of thyroidectomy approaches. We sought to provide reference information for treatment selection in cases of PTMC.
Introduction
The incidence of differentiated thyroid cancer has increased greatly in recent decades. [1, 2] Roughly, 50% of this increase is attributable to the identification of intrathyroidal papillary thyroid microcarcinomas (PTMCs). [3] According to the World Health Organization classification, PTMCs are small thyroid cancers measuring 1 cm or less at their maximal diameter. [4, 5] At least part of the increased incidence of thyroid cancer can be attributed to preoperative imaging tests, such as high-resolution ultrasonic testing. [6] Papillary thyroid microcarcinoma has an excellent prognosis and is often regarded as an indolent disease. Nonetheless, it does pose risks of lymph node metastasis and local recurrence. The treatment of PTMC remains deeply controversial. [7] [8] [9] Overdiagnosis and overtreatment of PTMC have become a subject of substantial concern because some researchers have suggested that many low-risk PTMC lesions would not cause any harm if they were left untreated. [10] [11] [12] [13] Furthermore, the new version of American Thyroid Association guidelines introduced management by active surveillance as an alternative to immediate thyroid surgery in patients with verylow-risk tumors. [14] In this study, we investigated the prognosis of patients who underwent biopsy alone, as compared with other forms of thyroidectomy approaches. We sought to provide a reference for treatment selection in cases of PTMC.
Material and methods

Ethical considerations and study population
This study's retrospective protocol was approved by our institution's ethical review board and complied with the ethical standards of the Declaration of Helsinki, and also the relevant national and international guidelines. We investigated a large number of thyroid cancer patients from the Surveillance, Epidemiology, and End Results (SEER) program. The SEER project is a US population-based cancer registry that began in 1973, and is supported by both the Centers for Disease Control and Prevention and National Cancer Institute. It contains cancer data from across multiple geographic regions on the incidence, prevalence, mortality, population-based variables, primary tumor characteristics including histological subtype, and more.
Data collection and analysis
We examined SEER data from 2004 to 2013, and selected patients with a diagnosis of PTMC, as defined by a combination of ICD-O site code of C73.9 (ie, thyroid, papillary, and/or follicular histology). The diagnosis codes were included in the study: "papillary carcinoma," "papillary adenocarcinoma," "Papillary microcarcinoma," and "Papillary carcinoma, follicular variant." To compare the survival rate among different surgical approach, 34,972 patients were included for analysis. Age, sex, race, N/M stage, multifocality, extension, and radiation treatment (none or refused, external beam radiation therapy, and radioactive I-131 ablation) were evaluated in patients with different surgical approaches. Rename of different surgical approaches: group A for biopsy; group B for lobectomy; group C for subtotal or neartotal thyroidectomy; group D for total thyroidectomy.
Statistical analyses
Patients were followed up until December, 2013. Patient survival curves (thyroid cancer-specific mortality [CSM] and all-cause mortality) were examined by Kaplan-Meier analyses with the logrank test. To further adjust for potential baseline confounding factors, a propensity score matching (PSM) analysis was conducted. Cox proportional-hazards regression analyses were performed to estimate the hazard ratios (HRs) with 95% confidence intervals (CIs), to show the magnitude of the effect of different surgical approach on CSM and all-cause mortality. [15] All P values were 2-sided, with P < .05 being considered significant. Analyses were performed using SPSS version 23.0, Stata/SE version 12 (Stata Corp.), and GraphPad Prism version 6 (GraphPad Software Inc.).
Results
Demographic and clinical features
In all, 34,972 patients who had PTMC and who underwent treatment with various surgical approaches were included in this study. The patients were divided into groups according to the treatment that they received: group A, biopsy (n = 214); group B, lobectomy (n = 7822); group C, subtotal or near-total thyroidectomy (n = 1490); and group D, total thyroidectomy (n = 25,447). The mean ages and follow-up times of patients are shown in Table 1 , as stratified by surgical approach. Patients with biopsy had significantly fewer months of follow-up than did patients with other surgical approaches.
Cancer-specific and all-cause mortality rates for different surgical approaches
We investigated the CSM rate, which was defined as the rate of mortality attributed to thyroid cancer. The CSM rate per 1000 person-years (Table 2) . Furthermore, the allcause mortality rate per 1000 person-years was 52.21 (95% CI 35.80-76.13), 9.12 (95% CI 8.14-10.22), 9.12 (95% CI 7.19-11.57), and 7.10 (95% CI 6.60-7.65) in groups A, B, C, and D, respectively ( Table 2 ). The univariate Cox regression analyses showed that histological types, age, sex, lymph node metastasis, distant metastasis, thyroid capsular extension, radiation, and surgical approach were significant risk factors for CSM. Multivariate Cox regression analysis showed that CSM did not differ significantly between group A and groups B, C, and D after adjusting for relative risk factors (Table 3 ). The univariate Cox regression analyses confirmed that demographic data (age, sex, race), lymph node metastasis, distant metastasis, multifocality, radiation treatment, and surgical approach were found to be significant risk factors for all-cause mortality. It is verified that all-cause mortality differed significantly between group A and groups B, C, and D by multivariate Cox regression analysis (Table 3) .
Adjusting for patient characteristics using propensity score matching
The CSM rate in group A was higher than that in groups B, C, and D (P < .001). Further, the all-cause mortality rate in group A was higher than that in groups B, C, and D (P < .001) (Fig. 1A-D) . To minimize selection bias, a PSM analysis was performed, including age, sex, race, N/M stage, histologic subtype, multifocality, extension, and radiation treatment approaches. After PSM for demographic data like age, sex, and race, cancer-specific survival analysis showed that the prognosis of patients in group A was similar to the prognoses of groups B, C, and D (P = .353, .904, and .663, respectively; Fig. 2A-C) . After PSM for risk factors (age, sex, race, N/M stage, histologic subtype, multifocality, and extension), there were still no significant differences in CSM between group A and groups B, C, and D (P = .422, .926, and .434, respectively; Fig. 3A-C) . Moreover, after matching for all influential factors (including radiation treatment), the prognosis of patients in group A remained similar to the prognoses of patients in groups B, C, and D (P = .806, .933, and .854, respectively; Fig. 4A-C) .
In an all-cause survival analysis, the prognosis was poorer in group A than in groups B, C, and D after PSM for age, sex, and race (all P < .001; Fig. 5A-C) . Similar results were obtained after PSM for age, sex, race, N/M stage, histologic subtype, multifocality, and extension (all P < .001; Fig. 6A and B) . After matching for all Table 2 Hazard ratios of different surgery for the cancer specific deaths and all-cause deaths of thyroid cancer.
Surgery
Cancer-specific deaths, n % Table 3 Risk factors for survival (outcome is all-cause mortality and thyroid cancer-specific mortality). influential factors (including radiation treatment), patients in group A still showed a poorer all-cause prognosis than did patients in groups B, C, and D (P < .001 for all; Fig. 7A-C ).
Discussion
In the literature on PTMC treatment, there have been many concerns about the balance between recurrence or mortality and the risk of permanent complications. [7, [16] [17] [18] Overly aggressive surgical approaches are associated with more permanent complications, such as hypoparathyroidism and recurrent laryngeal nerve injury. On the contrary, inadequate treatment can result in elevated probabilities of recurrence and mortality.
In our study of SEER database, the PTMC-related CSM rates were similar for patients who underwent biopsy and for those who underwent other surgical approaches after PSM. However, Figure 1 . Kaplan-Meier curves among patients stratified by surgical approach for cancer-specific mortality (A, B: log-rank test, P < .0001) and all-cause mortality (C, D: log-rank test, P < .0001). Figure 2 . Kaplan-Meier curves of cancer-specific mortality for matched surgical approach pairs. Age, sex, and race matching between group A and group B (A), group A and group C (B), and group A and group D (C).
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Medicine even after matching on several potential confounders, patients who underwent biopsy had significantly higher all-cause mortality rates than did patients in any of the other surgical approach groups.
Cancer-specific mortality for PTMC is very low, reaching up to 0.3% in clinical series. [19, 20] In other words, PTMC is associated with an excellent cancer-specific survival rate. However, in this study, the mean follow-up time for patients with biopsy was 29.0 www.md-journal.com months, which was shorter than the follow-up times in other groups. The differences in follow-up times and the low CSM rates made it difficult to detect any significant differences in cancerspecific survival between the biopsy group and other 3 groups after matching on influence factors. One of the surprising aspects of our study was that the percentage of patients with lymph node metastasis was even higher in the biopsy group than in the lobectomy and subtotal or neartotal thyroidectomy groups. This may be a consequence of relatively rigorous preoperative screening for nodal metastases being conducted in patients who undergo biopsy alone. Lymph node metastasis plays an important role in mortality from thyroid cancer. [21, 22] This may also help to explain why the cancer-specific survival rates did not differ significantly between the biopsy group and other groups after matching that included N stage.
Distant metastases at the time of diagnosis have an adverse effect on survival in thyroid cancer. [14, 23] In our study, distant metastasis was recorded for 1.9% patients who underwent biopsy, which was more than observed for the other 3 surgical methods. The patients with distant metastasis may have contributed to the poorer all-cause survival that was observed in the biopsy group, although we did match for M stage.
Radiofrequency ablation and sonographically guided percutaneous ethanol injection were first developed for the treatment of benign nodules or distant metastases from thyroid cancer and locoregional recurrences of thyroid cancer. [24] [25] [26] [27] Based on the information recorded in the SEER database, we were unable to determine whether patients who underwent biopsy also received ablation. However, we would only recommend this treatment for carefully selected cases of PTMC because supportive evidence is lacking from studies with long-term follow-up data.
There are several limitations in our study. Our study lacked strict inclusion criteria for patients who underwent biopsy. We were only able to include patients with maximum tumor sizes less than or equal to 1 cm, but were unable to exclude patients with total tumor sizes of more than 1 cm. [5, 28] In addition, other limitation of this study is that family history, vascular invasion, and recurrence were not evaluated or included in our study. Molecular markers (such as BRAF, RAS, and TERT mutations) were not observed and adjusted for in our analyses in our study.
In conclusion, the results of our investigation demonstrated that patients who underwent biopsy alone for PTMCs had similar cancer-specific survival and worse all-cause survival than patients Medicine who received other surgical approaches. Our findings may provide a helpful reference for treatment decision-making in cases of PTMC.
